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© Photoelectron mask and photo cathode Image projection method using the same. 



© A photoelectron mask for photo cathode image 
projection includes a transparent substrate (11), a 
pattern (12) formed on a main surface of the trans- 
om parent substrate. The pattern includes a non-trans- 
^ parent material. The mask also includes a photoelec- 
tron emission film (13) formed so as to cover the 
^Imain surface of the transparent substrate on which 
v-the pattern are formed. The photoelectron emission 
film includes a material selected from the group 
^consisting of pure platinum, a platinum-rich material 
CO containing platinum as the major component, and a 
0 platinum compound. 
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PHOTO ELECTRON MASK AND PHOTO CATHODE IMAGE PROJECTION METHOD USING THE SAME 



BACKGROUND OF THE INVENTION 

The present invention generally relates to a 
photcelectron mask for photo cathode image pro- 
jection and a photo cathode image projection meth- 
od using the same, and more particularly to the 
development of photo cathode materials, and a 
photo cathode image projection method which uses 
photoelectron masks in which the developed photo 
cathode materials are used. 

As a fine pattern technique of producing a 
semiconductor integrated circuit such as a very 
large scale integrated circuit (VLSI), there is an 
exposure technique in which a fine pattern is ex- 
posed on a wafer. An ultraviolet-ray exposure 
method is used as lithography technology for a 
long time. However, there is a limit on width of a 
fine pattern, because a wavelength of light which 
can be used in the ultraviolet-ray exposure method 
is limited to approximately 4000 A. Therefore, ac- 
tive research is made on the new exposure tech- 
nique such as electron beam lithography. X-ray 
lithography, and photo cathode image projection 
lithography. 

In electron beam lithography, an electron beam 
shaped into a spot or an electron beam having a 
rectangular cross section is deflected and irradi- 
ated on a wafer mounted on a stage, which is 
moved during the irradiation. Therefore, electron 
beam lithography needs a column system for fo- 
cusing, shaping and deflecting the electron beam 
emitted from an electron source, a stage system 
for supporting the wafer and changing the pattern 
image transferred position thereon, and a control 
system for controlling the column system and the 
stage system. Electron beam lithography is ca- 
pable of providing high resolution. However a pat- 
tern is drawn with a single stroke of the electron 
beam based on enormous pattern data. From this 
reason, a long time is taken to expose the wafer. 
Additionally, throughput which is defined as the 
number of wafers that can be exposed per hour, is 
low. It follows that electron beam lithography is not 
suitable to the mass production. 

X-ray lithography is proximity printing in which 
there are used a large-scale X-ray source having a 
power of 10 to 50 kW and an X-ray beam having a 
wavelength of 1 to 10 A. Therefore, in addition to 
the above-mentioned X-ray source, the X-ray expo- 
sure method needs a mask, and an aligner which 
can support the wafer and position the wafer and 
mask with a high positioning accuracy. From this 
viewpoint, the X-ray exposure method is similar to 
a conventional photoexposure process. However, 



the X-ray exposure method has the following dis- 
advantages. First, a large-scale X-ray source is 
required. Secondly, a specific note of a material 
used for fabricating a mask must be taken in view 

s of the relationship between the wavelength of the 
X-ray source and the X-ray absorption rate. Thirdly, 
an increased diameter of wafer may cause de- 
formation such as warpage and bending in the 
mask. As a result, a gap between the mask and the 

10 wafer varies due to the deformation, and a fine X- 
ray image cannot be formed on the wafer. Fourthly, 
it is difficult to obtain a strong X-ray intensity, and 
throughput is poor. Synchrotron radiation is pro- 
posed as the X-ray source. However, the use of 

15 synchrotron radiation increases the size of an ap- 
paratus, and is therefore very expensive. Therefore, 
the use of the synchrotron radiation is not suitable 
for practical use. 

Recently, there has been considerable activity 

20 in the research and development of photo cathode 
image projection. The photo cathode image projec- 
tion method cah provide high throughput and high 
resolution. Two different types of photo cathode 
image projection are known, in the first type of 

25 photo cathode image projection, a metal-insulator- 
semiconductor structure is used as mask. Light is 
projected on a semiconductor layer, which then 
produces photoelectrons. The produced photoeiec- 
trons pass through an insulator such as a silicon 

30 dioxide layer. Then the photoelectrons pass 
through a metal film such as a silver film, and are 
emitted. It is noted that in the first type of photo 
cathode image projection, the metal film itself does 
not produce electrons. As described above, elec- 

35 trons are produced in the semiconductor layer. 

On the other hand, the second type of photo 
cathode image projection uses a mask in which a 
photo cathode material is used. When light having 
the work function higher than a potential barrier of 

40 a photo cathode material is projected thereon, the 
photo cathode material produces photoelectrons. 
Generally, a pattern of a non-transparent material is 
formed on a transparent substrate. A film made of 
a photo cathode material is formed so as to cover 

45 the pattern. Light is projected on a rear source of 
the substrate opposite to the surface on which the 
pattern is formed. Photoelectrons are emitted from 
portions of the photo cathode material film which 
do not overlie the pattern. The emitted photoelec- 

50 trons are accelerated and focused on the water by 
the function of the magnetic and electric fields. 
Then the pattern image is exposed on the wafer. 
The present invention is concerned with the second 
type of photo cathode image projection. 

It is desired that photo cathode materials are 
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capabl of stably emitting strong photoelectron for 
a long time. In addition, it is desired that there 
exists a material capable of providing large contrast 
to photo cathode materials. Moreover, it is desired 
that photo cathode materials are stable in the air, 
and are easily handled to form a mask. 

Conventionally, hydroiodic cesium (Csl) is pro- 
posed as a photo cathode material. A photo cath- 
ode is formed by depositing hydroiodic cesium on 
the entire surface of the substrate by evaporation 
under vacuum. However, hydroiodic cesium has a 
disadvantage in which energy at the basic absorp- 
tion end of light is high. This means that the work 
function of hydroiodic cesium is high. The work 
function is defined as the height of the potential 
barrier. Photoelectrons excited by the projection of 
light must go over the potential barrier in order that 
electrons are emitted from hydroiodic cesium. Ad- 
ditionally, hydroiodic cesium absorbs water with 
ease and is therefore instable. As a result, the 
pattern formed on the substrate is damaged soon. 
In practical use. the exposure can be repetitively 
carried out only 20 to 50 times. 

Galium arsenic is also proposed as one of 
photo cathode materials. In practical use. a cesium 
thin-film is often formed on a galium arsenic film. 
The cesium thin-film functions to decrease the 
work function. Therefore, the above film structure 
can provide high quantum efficiency. However, 
there is a problem in which foreign materials are 
easily deposited on the cesium thin-film. Therefore, 
the life time of the mask is very short. 

Silver oxide is also proposed as one of photo 
cathode materials. Silver oxide has high quantum 
efficiency. However, it has a disadvantage in which 
there is no material capable of providing good 
contrast with respect to silver oxide. 

The present inventors have proposed cesium- 
added silver as photo cathode materials in the 
United States Patent Application Serial Number 
086,510. In our proposal, a cesium film is formed 
on a patterned silver film under vacuum. Cesium 
may be substituted with other alkaline metals or 
alkaline-earth metals. Silver used together with 
cesium is more stable than hydroiodic cesium and 
has the lifetime longer than that of hydroiodic 
cesium. However, cesium is liable to leave from the 
silver film due to the projection of light. A decrease 
of cesium on the silver film decreases the amount 
of photoelectrons emitted from the silver pattern. 
Therefore, it is necessary to frequently activate the 
mask. 

The following document proposes to use pal- 
ladium as a photo cathode material: 
"An-electron-image projector with automatic align- 
ment, Scott, J.P., IEEE Trans, on Electron Device, 
ED-22; 409-413, 1975. The above document In- 
dicates that hydroiodic cesium is better than pal- 



ladium from various vi wpoints. 

It can be se n from th above description that 
with conventional materials, it is impossible to sat- 
isfy all the factors desired as photo cathod materi- 
5 als. It is particularly noted that the aforementioned 
various problems arise from the presence of al- 
kaline metals or alkaline-earth metals. 

10 SUMMARY OF THE INVENTION 

It is therefore a general object of the present 
invention to provide a novel and useful photoelec- 
tron mask for photo cathode image projection. 

75 A more specific object of the present invention 

is to provide a photoelectron mask which does not 
use alkaline metals and alkaline-earth metals. 

Another object of the present invention is to 
provide a photoelectron mask capable of stably 

20 emitting photoelectrons having strong power during 
a long time. 

A yet another object of the present invention is 
to provide a photoelectron mask which is stable in 
the air and is easily produced. 
25 The above objects of the present invention can 

be achieved by a photoelectron mask including a 
transparent substrate; a pattern formed on a main 
surface of the transparent substrate, the pattern 
comprising a non-transparent material; and a photo 
so cathode film formed so as to cover the main sur- 
face of the transparent substrate on which the 
pattern are formed. The photo cathode film com- 
prises a material selected from the group consist- 
ing of pure platinum, a platinum-rich material con- 
35 taining platinum as the major component, and a 
platinum compound. 

The aforementioned objects of the present in- 
vention can be also achieved by a photoelectron 
mask for photo cathode image projection compris- 
40 ing a substrate; and a pattern formed on a main 
surface of the transparent substrate. The pattern 
comprises a photo cathode material selected from 
the group consisting of pure platinum, a platinum- 
rich material containing platinum as the major com- 
45 ponent, and a platinum compound. 

A further object of the present invention is to 
provide a photo cathode image projection method 
using the above mask. 

The above further object of the present inven- 
so tion can be achieved by a photo cathode image 
projection method including the steps of projecting 
an excitation light on a photoelectron mask placed 
in a vacuum chamber to thereby excite photoelec- 
trons, said photoelectron mask comprising a photo 
55 cathode material selected from the group consist- 
ing of pure platinum, a platinum-rich material con- 
taining platinum as the major component, and a 
platinum compound; and projecting said photoelec- 
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trons from the photoelectron mask onto a wafer 
placed in the vacuum chamber by focusing the 
photoelectron emitted from the photo cathode ma- 
terial due to a function of a magnetic field and an 
electric field, so that a pattern is formed on the 
wafer by the projection of the photoelectrons. 

Other objects, features and advantages of the 
present invention will become apparent from the 
following detailed description when read in con- 
junction with the accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG.1 is a view showing the principle of a 
photo cathode image projection method of the 
present invention; 

FIG.2A is a view showing essential parts of a 
photo cathode image projection apparatus capable 
of implementing the photo cathode image projec- 
tion method of the present invention; 

FIG.2B is a view showing essential parts of 
another photo cathode image projection apparatus 
capable of implementing the photo cathode image 
projection method of the present invention; 

FIG.3A is a cross sectional view of a 
photoelectron mask of a first embodiment of the 
present invention; 

FIG.3B is a cross sectional view of a 
photoelectron mask of a second embodiment of the 
present invention; 

FIG.4 is a graph showing relationship be- 
tween the thickness of a platinum film and the 
transmittance; 

FIG.5 is a graph showing relationship be- 
tween the thickness of a platinum film and the 
photoelectron current; 

FIG.6 is a graph showing the photoelectron 
current for some photo cathode materials as a 
function of time; 

FIG.7 is a graph showing the photoelectron 
current for a platinum film as a function of time; 

FIG.8A Is a plan view of an exposed area 
unit which may be included in the photoelectron 
mask of the present invention; 

FIG.8B is a plan view showing the ensure 
surface of the photoelectron mask of the present 
invention; 

FIGS.9A and 9B are views for explaining the 
positioning process with respect to the mask and 
wafer; 

FIG.1 0 is a view for explaining how to cor- 
rect the pattern defect; 

FIGS.11A and 11B are views for explaining 
reverse polarity patterns; 

FIG.1 2 is a view for explaining a method for 
correcting proximity effects; 
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FIGS.13A through 13D are views for explain- 
ing another method for correcting proximity effects. 



5 DETAILED DESCRIPTION 

A description is given of a photo cathode im- 
age projection method which uses a mask and 
method of the present invention with reference to 

70 FIGS. 1 , 2A and 2B. 

Referring to FIG.1, a photoelectron mask 
(hereinafter simply referred to as a mask) 10 and a 
wafer 40 are located in the parallel magnetic field 
formed by focusing coils (Helmholz coils) 33. The 

75 parallel magnetic field is directed downwards in the 
drawing. The mask 10 and the wafer 40 face each 
other in parallel and are positioned in parallel with 
the magnetic field. The mask 10 is made up of a 
transparent substrate 11, a metallic pattern 12 and 

20 a platinum film 13. A detailed description will be 
given later. A film 41 made of an electron beam 
sensitive material is formed on the entire surface of 
the wafer 40. A negative potential is applied to the 
mask 10 and a positive potential is applied to the 

25 wafer 40. 

A plurality of light sources 36 are arranged at 
the back of the mask 10. Light beams 35 emitted 
from the light sources 36 enter the substrate 11. 
Then some light beams 35 projected onto the 

30 metallic pattern 12 cannot pass through the mask 
10. On the other hand, some light beams 35 pro- 
jected onto portions of the platinum film 13 which 
are not covered with the metallic pattern 12, can 
pass through the mask 1 0. Then the portions of the 

35 platinum film 13 emit photoelectron beams 37 as 
shown. Light beams 37 emitted from a point on the 
platinum film 13 exhibits a spiral locus due to the 
functions of an acceleration voltage supplied by a 
power source 38 and the parallel magnetic field 

40 produced by the focusing colls 33. Then the light 
beams 37 emitted from the point are focused at a 
point on the wafer 40. 

FIG.2A shows essential parts of a photo cath- 
ode image projection apparatus in which the photo 

45 cathode image projection method and the mask 10 
are used. Referring to FIG.2A, an X-Y stage 45 for 
jnounting the mask 10 thereon is arranged on the 
right side of the center of the figure. The mask 10 
mounted on the X-Y stage 45 is opposite to the 

so wafer 40 mounted on an X-Y stage 44 located on 
the left side of the center of the figure. Plate 
electrodes 42 connected to the power source 38 
are located between the mask 10 and the wafer 40. 
A backscattered electron detector (not shown in 

55 FIG.2A) is provided on each plate electrode 42. 
The backscattered electron detector detects an 
electron beam which generates at a time when 
electrons from an alignment mark (described in 
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detail later) provided on the mask 1 0 hit a position- 
ing mark (not shown) provided on the wafer 40. 
The relative position between the mask 10 and the 
wafer 40 is determined based on the detected 
electron beam. Deflection coils 43 are used when 
scanning the electron beam from the alignment 
mark on the mask 10 on the positioning mark on 
the wafer 40. The mask 10 mounted on the X-Y 
stage 45, the wafer mounted on the X-Y stage 44 
and the plate electrodes 42 are accommodated in a 
chamber 47 having an output 49. 

FIG.2B shows essential parts of another photo 
cathode image projection apparatus. The apparatus 
of RG.2B is of a type in which light is irradiated on 
the side of a front surface of a photoelectron mask 
30. on which a pattern of platinum is formed. The 
mask 30 and the wafer 40 are placed in parallel 
with each other in the chamber 47 having the outlet 
49. The mask 30 is mounted on the X-Y stag© 45, 
and the wafer 40 is mounted on the X-Y stage 44. 
Magnets 50 are provided so as to surround the 
chamber 47. The magnets 50 provides the parallel 
magnetic fieid from the outside of the chamber 47. 
The plate electrodes 42 are provided in the cham- 
ber 47. 

A further description is given of the mask 10 
with reference to FIG.3A. Referring to FIG.3A, the 
mask 10 is made up of the transparent substrate 
11, the metallic pattern 12 and the platinum film 13. 
The transparent substrate 11 is made of quartz, 
sapphire, ruby or the like. The metallic pattern 12 
is formed by depositing a metallic film by evapora- 
tion or sputtering and then etching the metallic film. 
The metallic pattern 12 is made of chromium (Cr), 
tantalum (Ta), tungsten (W) or the like. In the photo 
cathode image projection method, the pattern im- 
age is exposed on the wafer as it is without reduc- 
tion and enlargement of the image. From this 
viewpoint, the aforementioned electron beam expo- 
sure apparatus can .be used in photo cathode im- 
age projection. It is preferable to set the thickness 
of the metallic pattern 12 equal to 400 to 2000 A. 
The above range of the thickness of the metallic 
pattern 1 2 is enough to interrupt light therein. If the 
metallic pattern 12 has a thickness less than 400 A, 
it is difficult to effectively interrupt light. Similarly, 
even if the metallic pattern 12 is set larger than 
2000 A in thickness, increased light absorption 
effects are not obtainable. 

By evaporation or sputtering, the platinum film 
13 is formed on the surface of the transparent 
substrate 11 on which the metallic pattern 12 is 
formed. It is preferable that the platinum film 13 is 
10 to 300 A thick. The thickness of the platinum 
film 13 is determined depending on the photoelec- 
tron yield and transmittance of ultraviolet light 

FIG.4 is a graph showing relationship between 
the thickness of the platinum film 13 and the trans- 



mittance of ultraviolet light having a wavelength of 
250nm. FIG.5 shows relationship between the thick- 
ness of the platinum film 13 and the amount of 
emitted photoelectron current (photoelectron yield), 
s Generally, an electron beam sensitive resist is ex- 
posed even by an excitation light for use in emis- 
sion of photoelectrons. From this reason, it is desir- 
able that a platinum film passes less light thereth- 
rough. For this purpose, it is conceivable to make a 
io platinum film thicker. However, it can be seen from 
the graph of FIG.5 that excessive thicknesses de- 
crease the photoelectron current. From the above- 
mentioned viewpoints, a thickness of 10 to 300 A is 
usable, and the most suitable thickness ranges 
75 from 40 to 150 A. 

FIG.6 shows the photoelectron current of plati- 
num as a function of time. FIG.6 also shows a 
curve of the photoelectron current of each of 
hydroiodic cesium, galium arsenic and cesium-ad- 
20 ded galium arsenic, which are materials used in 
conventional masks. As can be seen from FIG.6, 
the photoelectron current with respect to hydroiodic 
cesium, galium arsenic and cesium-added galium 
arsenic has decreased considerably after about 
25 120 minutes from the beginning of exposure. On 
the other hand, the graph of FIG.6 exhibits that the 
photoelectron current of platinum hardly decreases 
even after 3 days from the beginning of exposure. 
A variation in the photoelectron current of platinum 
30 stands within ± 10 %. It is therefore concluded that 
platinum is about 100 times more stable than other 
materials, and is capable of providing the stable 
photoelectron current for several tens of hours. 
The inventors measured the photoelectron 
35 emission current of a platinum film having a thick- 
ness of 50 A. In the experiment, a 2kW Hg-Xe 
lamp was used as the light source. The inventors 
obtained photoelectrons having an emission current 
of 20 uA/cm 2 . For the above value of the emission 
40 current, the quantum efficiency is approximately 2 
x 1Q~ 4 . Normally, the exposure process using the 
above-mentioned platinum film is completed one to 
four seconds. For example, about 40 shots for a 
6"0 wafer are possible. Therefore, even if it takes 
45 60 seconds per sheet for processes except for the 
exposure process, it takes 2 to 4 minutes per sheet 
for the exposure process. Therefore, it is possible 
to expose 15 to 30 wafers per hour. Consequently, 
according to the present invention, greatly in- 
so creased throughput is obtainable, compared with 
the conventional lithography technique. If an ex- 
cimer laser is used as the light source, throughput 
can be improved by two figures. As can be seen 
from the above description, a platinum film which 
55 satisfies the specific conditions particularly with 
respect to thickness and wavelength of the excita- 
tion light, is capable of high emission current yield 
rate. 



5 
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A description is given of an activation process 
for the mask film 10. As described previously, the 
photoeiectron current of the platinum film 13 has 
less decrease even after 3 days from the beginning 
of the exposure process. However, foreign materi- 
als such as steam contained in the vacuum at- 
mosphere, atoms and molecules contained in re- 
sists may adhere to the mask 10. The adhesion of 
such foreign materials causes decrease in the 
photoeiectron current. In order to avoid this prob- 
lem, after a predetermined exposure time or expo- 
sure dose, it is preferable to activate the mask 10 
by projecting light onto the mask 10 which is 
placed into a vacuum chamber or a load-lock 
chamber continuously provided with a gas of nitro- 
gen (N 2 ), oxygen (O2) or ozone (O3), or a mixture 
gas consisting of any combination thereof. 

V/hen the mask 10 becomes heavily dirty, the 
mask 10 is taken out of the vacuum chamber, and 
is then exposed to a plasma in the above-men- 
tioned gas or a hydrogen gas. By this activation 
process, the mask 10 can be completely cleaned 
up. Conventional photo cathode materials, particu- 
larly hydroiodic cesium are deliquescent materials. 
Therefore, hydroiodic cesium begins thrawing soon 
after it is placed in the air. From this reason, it is 
required to remove the hydroiodic cesium film from 
the mask in the cleaning process. On the other 
hand, platinum is one of the most stable metals. 
For example, palladium known as photoeiectron 
emission materials, absorbs hydrogen greatly, and 
changes in nature. Platinum does not such un- 
desirable properties. 

FIG.7 shows the experimental result showing 
the photoeiectron emission current of a platinum 
film as a function of time. The experiment was 
conducted in an N 2 atmosphere. The graph of 
FIG.7 shows that the platinum film can be almost 
recovered after the activation process for 15 min- 
utes. It is noted that a time taken to recover the 
platinum film depends on the luminous intensity 
and the type of resist. 

The platinum film 13 has good adhesion to the 
transparent substrate 1 1 , because the platinum film 
13 is very thin. Adhesion of the platinum film 13 
can be enhanced by using a platinum-rich material. 
The following materials can be contained in plati- 
num: silicon (Si), tungsten (W), nitrogen <N), 
titanium (Ti), chromium (Cr), aluminum (Al), pal- 
ladium (Pd), gold (Au), silver (Ag), copper (Cu), 
oxygen (O), rhodium (Rh) and iridium (Ir). Materials 
containing platinum as the major component has 
transmittance almost id ntical to that for pure plati- 
num. It is preferable to contain the above-men- 
tioned material with 10 to 15 weight % in platinum. 
That is, a platinum-rich material is defined as a 
material containing platinum with 85 weight % or 
over. Hence, the film 13 made of a platinum-rich 
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material is set equal to 10 to 300 A in thickness. As 
is well known, a number of platinum compounds 
are available. Alternatively, the film 13 can be also 
made of one of platinum compounds such as plati- 

5 num chloride (PtCl x ), platinum fluoride (PtF x ), plati- 
num oxide (PtOy), platinum selenium (PtSe x ), and 
barium platinum (BaPt) (x and y denote the con- 
tent). Our experiments exhibited that platinum-rich 
films containing titanium have the photoeiectron 

10 emission yield almost the same as that for pure 
platinum films. Further, it is confirmed by the ex- 
periments that the contact properties are enhanced, 
and that as the platinum-rich film 13 is thicker, the 
adhesion is further enhanced. Rims made of plati- 

;5 num compounds can exhibit similar advantageous 
effects. 

The photoeiectron mask 30 used in the appara- 
tus of FIG.2B, is shown in F1G.3B. A platinum 
pattern 32 is formed on a substrate 31. It is unnec- 

20 essary for the substrate 31 to be made of transpar- 
ent materials. This is because light is irradiated 
onto the mask 30 from the front side thereof on 
which the platinum pattern 32 is formed. The afore- 
mentioned description of the film 13 holds true for 

25 the film 31. For example, it is preferable to form 
the film 32 to a thickness of 10 to 300 A. The film 
32 can be made of platinum-rich materials or plati- 
num compounds. 

A description is given of a photo cathode im- 

30 age projection method in which the aforementioned 
masks 10 and 30 are used. Basically, a sequence 
of the photo cathode image projection method of 
the present invention is similar to that of the con- 
ventional photo cathode image projection method. 

35 The present method has the following essential 
features. For the sake of the understanding of the 
present method, the essential features are now 
summarized as follows. In the following explana- 
tion, a case is described in which the photoeiectron 

40 emission film such as film 13 is made of pure 
platinum. 

1) A real exposure pattern on a mask is de- 
fined as an area consisting of a pattern made of a 
non-transparent material and a portion of a 

45 photoeiectron emission film which is formed di- 
rectly on a substrate. Further, in the vicinity of the 
real exposure pattern, there are arranged a plurality 
of alignment marks used for positioning the mask 
and wafer. Moreover, a unit of an exposed area (an 

50 exposed area unit) is defined as an area which 
consists of the real exposure pattern and related 
alignment marks. The mask comprises a plurality 
of the exposed area units). 

2) It is desired that excitation light irradiated on 
55 the mask in order to emit photoelectrons therefrom 

has a wavelength of 220 to 300 nm. 

3) Further enhanced throughput is desired, it is 
preferable to employ a light source capable of 

6 
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providing light having large luminous intensity. For 
this purpose, it is desirable to use an excimer 
laser, particularly a KrF excimer laser or an ArF 
excimer laser. 

4) It is preferable that light to be irradiated on 
the alignment marks for use in positioning, is the 
secondary harmonic wave of an Ar laser. 

5) Pure platinum films, platinum-rich films or 
platinum compound films, may be made non- 
uniform in thickness resulting from an adhesive 
state. Additionally, foreign materials may adhere to 
the real exposure pattern. In this case, photoelec- 
trons are not emitted from a portion of the real 
exposure pattern to which foreign materials adhere. 
As a result, images projected onto the wafer do not 
have uniform properties. The above-mentioned 
problems can be eliminated as follows. A plurality 
of exposed area units each having the same pat- 
tern on a single mask substrate are used. Each 
exposed area unit is subsequently positioned. Then 
the pattern is transferred to the surface of the wafer 
by using the positioned exposed area unit. In the 
above-mentioned repetitive exposure operation, the 
necessary exposure dose is supplied from the plu- 
rality of exposed area units. Thus, uniform trans- 
ferred images are obtainable, even if there is a 
difference in photoelectron current between the ex- 
posed area units due to the presence of foreign 
materials which adhere to the real exposure pat- 
tern. 

Normally, various patterns are exposed on a 
sheet of wafer. In order to facilitate the exposure of 
various patterns on the single wafer, it is preferable 
to form exposed area units having different real 
exposure patterns on a mask. By using the above 
mask, it becomes possible to form different pat- 
terns on the wafer without replacing the mask. 

6) Foreign materials such as resist on the wa- 
fer, carbon and steam contained in the vacuum 

-chamber may adhere to the mask. The above 
decreases the photoelectron emission yield. Such 
foreign materials can be removed from the mask 
by irradiating light on the mask placed in the expo- 
sure vacuum chamber or the load-lock chamber 
arranged close to the exposure vacuum chamber 
which is provided with a gas of N 2 , O2 or O3. or a 
mixture gas consisting of any combination thereof. 
It is particularly noted that platinum is extremely 
stable as photo cathode materials, and therefore 
photo-ashing is possible. Of course, plasma-ashing* 
may be used. 

7) The proximity effect is encountered even in 
photo cathode image projection. That is, electrons 
which enter in a wafer are scattered therein by 
atoms or the like. This is called backscattering. The 
scattered electrons expose the electron beam sen- 
sitive resist coated on the wafer. As patterns to be 
exposed become close to each other, a portion 



between the adjacent patterns which is not to be 
exposed, is processed as it that portion is actually 
exposed. The above phenomenon is called the 
proximity effect. This problem can be eliminated as 

5 follows. A first exposed area unit having a pattern 
to be projected onto the wafer is prepared. Addi- 
tionally, a second exposed area unit having a pat- 
tern in which negative and positive areas- of the first 
exposed area unit are reversed. In the exposure 

10 process, the pattern of the first exposed area unit is 
exposed on the wafer. Then the pattern of the 
second exposed area unit Is exposed on the wafer. 
Further, the pattern of the first exposed area unit is 
exposed on the wafer in a state where the projec- 

75 tion image of the first pattern on the wafer is 
somewhat out of focus, or a decreased exposure 
dose is selected. Alternatively, the proximity effect 
can be overcome as follows. A first exposed area 
unit is prepared in which the entire pattern to be 

20 exposed or a portion thereof is formed. A second 
exposed area unit is prepared in which only a 
portion of. the exposure pattern in which an in- 
creased exposure dose is desired, is formed. After 
exposing the pattern of the first exposed area unit 

25 to light, the pattern of the second exposed area 
unit is exposed to light with a suitable exposure 
dose. 

A more detailed description is given of the 
photo cathode image projection method of the 

30 present invention. As described previously, excita- 
tion light having a wavelength of 220 to 300 A is 
suitable for emitting photoelectrons from the plati- 
num film 13 of FIG.3A. A light source capable of 
emitting the above excitation light is constituted by 

35 a 2kW mercury-xenon lamp for use in the deep-UV 
range which is used together with a filter and a 
cold mirror. If it is not desired to obtain high 
throughput, a 500W mercury-xenon lamp may be 
used as the light source. By the use of the 500W 

40 lamp, a smaller amount of heat is applied to the 
mask. 

In the case where hydroiodic cesium is used 
as photoelectron emission materials, a low-pres- 
sure mercury lamp is used. This is because the 

45 work function of hydroiodic cesium is high, and 
only light having a wavelength less than 200 nm 
enables photoelectrons to be emitted from 
hydroiodic cesium. At the same time, the low- 
pressure mercury lamp emits light having a 

50 wavelength of 248 nm which is not related to 
photoelectron emission. It is impossible to interrupt 
only the light having a wavelength of 248 nm. As a 
result, the electron beam sensitive resist is ex- 
posed to the light of a wavelength of 248 nm. 

55 An excimer laser is suitable for obtaining an 

increased luminous intensity of the excitation light. 
Laser beam emitted from the excimer laser is mon- 
ochromatic light. Therefore, if there is available an 
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excimer laser beam having a wavelength suitable 
for photoelectron emission, there is no problem of 
using excimer lasers. A KrF excimer laser or an 
ArF excimer laser is suitable for the excitation light 
to be irradiated on platinum. 

FIG.8A schematically illustrates the exposed 
area unit which may be employed in the mask 10 
of FIG.3A. FIG.8B schematically illustrates the 
mask 1 0. The exposed area unit of FIG.8A consists 
of the metallic pattern 12, a real exposure pattern 
14 and alignment marks 15. The metallic pattern 12 
functions to interrupt light emitted from the light 
sources 36. The metallic pattern 12 corresponds to 
a non-transparent area. A portion of the platinum 
film 13 formed directly, on the surface of the trans- 
parent substrate 10 constructs the real exposure 
pattern 14 together with the metallic pattern 12. 
Four alignment marks 15 are provided in the vi- 
cinity of the respective corners of the real exposure 
pattern 14. As shown in FIG.8B, the transparent 
substrate 1 1 includes 6 sets of exposed area units 
A1 through A6. Although the illustrated mask has 6 
exposed area units A1 through A6, the present 
invention is not limited to the depicted mask. 
Masks having arbitrary number of exposed area 
units can be used. 

The positioning of the mask 10 and the wafer 
40 is carried out as follows. In the positioning 
operation, light is irradiated only on the alignment 
marks 15 of the exposed area unit of FIG.8A. There 
is a distance of at most 60 urn between the center 
of each alignment mark 15 and the real exposure 
pattern 14. In a case where some lightis irradiated 
on the real exposure pattern 14, a portion of the 
real exposure pattern 14 may be partially exposed 
to the light. From the above viewpoint, it is neces- 
sary to focus the light beam for use in the position- 
ing process so as to shape a spot The secondary 
harmonic wave out of Ar laser beams can be used 
as the light for use in the positioning process. Main 
emission wavelengths of the Ar laser are equal to 
514.5 nm and 488 nm. The secondary harmonic 
waves of these waves are ultraviolet light having 
wavelengths of 257.25 nm and 244 nm, respec- 
tively. The 5W-all-line Ar laser used in the experi- 
ment emits light having 2W at a wavelength of 
514.5 nm. In the experiment, the conversion effi- 
ciency in converting 514.5 nm light to 257.25 nm 
light was approximately 0.1%, which amounts to 2 
mW. The Ar laser can emit a light beam having a 
diameter of 0.5mm. In the experiment, such light 
was converged to a diameter of 50 um0. As a 
result of the convergence, the luminous intensity 
was 100 times as large as that of the original laser 
beam. The above value of the luminous intensity is 
enough to emit photoelectrons from the alignment 
marks 15. The positioning operation is described 
below. 
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Referring to FIG.9A. the ultraviolet beam 35 
having a wavelength half that of the Ar laser beam 
are irradiated on the alignment marks 15. In 
F1G.9A, one of the alignment masks 15 shown in 
5 FIG.2A is illustrated. Photoelectron beams 37 are 
emitted from the alignment mark 15 due to the 
irradiation of the ultraviolet beams 35. Then the 
photoelectron beams 35 hit a step mark 1 7 formed 
on the surface of the wafer 40. As shown in FIG.9B, 
70 the step mark 17 consists of a plurality of grooves 
formed on the surface of the wafer 40. The step 
mark 17 is located at a position corresponding to 
the alignment mark 15 of the mask 10. A potential 
proportional to the distance between the mask 10 
75 and the wafer 40 is applied between the mask 10 
and the wafer 40. Each plate electrode 42 has a 
backscattered electron detector 1 8. The photoelec- 
tron beams 37 emitted from the alignment mark 15 
are backscattered on the step mark 17. Then re- 
20 fleeted photoelectron beams, or secondary elec- 
trons 16 reach the backscattered electron detector 
18. as shown in FIG.9B. The photoelectron beams 
37 are deflected due to the function of the deflec- 
tion coils 43 shown in FIGS.1 and 2A. The deflec- 
25 tion coils 43 are wound independent of the focus- 
ing coils 33. Thereby, change in the intensity of the 
secondary electrons 16 can be detected by the 
backscattered electron detector 18. As a result, the 
positioning between the alignment mark 1 5 and the 
30 step mark 17 can be performed based on the 
change of the intensity. The step mark 17 can be 
substituted with a mark made of a heavy metal 
such as tantalum and tungsten. 

In the experiment in which the wafer having the 
35 step mark 17 was used, an overlap accuracy of 0.1 
lim was obtained with a positioning time of 30 
msec and an accuracy of 35. It can be concluded 
that the use of the laser* beam having the 
wavelength half that of the Ar beam contributes to 
40 improving the positioning accuracy. 

Conventionally, foreign materials which may 
adhere to the surface of the mask, was essential 
and serious problems in photo cathode image pro- 
jection. As described previously, foreign materials 
45 on the photo cathode film portion prevent 
photoelectron from being emitted therefrom. The 
above leads to a defect of the pattern of the mask 
and therefore a defect of the pattern transferred on 
the wafer, and decreases the yield rate. Therefore, 
so in the conventional photo cathode image projection 
apparatus, the vacuum chamber was kept in a 
highly vacuum state to prevent the deposition of 
foreign materials on the mask. Further, the mask is 
sometimes heated in order to avoid the deposition 
55 of molecules of water and the like. Even if mol- 
ecules of water are prevented from adhering to the 
mask, it was inevitable for atoms and molecules of 
resist to adhere to the mask during the exposure. 
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The above also decreased the photoelectron emis- 
sion yield. Currently, the fine pattern technique is 
advanced, and a very fine and complex pattern is 
obtainable. Such a fine and complex pattern can be 
produced only by using a fine mask pattern. A 
large amount of time is frequently taken to test the 
mask patterns whether it is kept in good conditions. 

The present invention overcomes the above- 
mentioned problems as follows. Registration expo- 
sure is carried out in which a mask having a 
plurality of identical exposed area units is used. 
The registration exposure carried out in the present 
invention is described with reference to FIGS.8B 
and 10. A mask having exactly the same exposed 
area units A1 through A4 designed to be exactly 
the same as each other, is prepared. The registra- 
tion exposure process commences to sequentially 
position the exposed area units A1 through A4 with 
respect to an area of the wafer on which the same 
patterns of the units are transferred. Then, the 
mask is exposed to light. A sequence of the posi- 
tioning and exposing process is repetitively carried 
out four times. The exposure dose in each expos- 
ing process is set equal to a quarter of the pre- 
determined exposure dose necessary to complete- 
ly transfer the exposure pattern on the wafer. 

FIG.10 shows results of exposure obtained by 
the above-mentioned registration exposure pro- 
cess. FIG.10(A) shows a result obtained in a case 
where there was no defect in the four exposed area 
units A1 through A4. FIG.10(B) shows a result 
obtained in a case where a real exposure pattern 
included in one of the four exposed area units A1 
through A4 was lacked. In this case, the mask is 
exposed with an exposure dose amounting to third 
quarters of the aforementioned predetermined ex- 
posure dose. As a result, although the exposure 
dose is less than that for the case of FIG. 10(A), a 
predetermined developing condition shown by a 
line in F1GS.10(A) through 10(D) is satisfied. 
FIG.10(C) shows a result obtained in a case where 
an unnecessary pattern is contained in one of the 
four real exposure patterns. It can be seen from 
FIG.10(C) that, even if there is one unnecessary 
pattern, the corresponding projection image thereof 
is not formed on the mask. FIG. 10(D) shows a 
result obtained in a case where there is formed an 
unnecessary pattern in an area which is not de- 
signed to arrange a pattern therein. As can be seen 
from F1G.10(D), the corresponding projection image 
does not appear. As a result of the aforementioned 
experimental results, a pattern defect is a serious 
problem only in a case where the pattern defect 
exists in the same portion in each of the four real 
exposure patterns. 

The aforementioned registration exposure pro- 
cess itself is conventionally proposed. However it is 
noted that it is very difficult to realize the registra- 



tion exposure process in the conventional lithog- 
raphy. In other words, the registration exposure 
process becomes realized by the present invention. 
The reasons are as follows. In the conventional 
5 exposure apparatus, a mask is mounted on a sta- 
tionary X-Y stage. On the other hand, the mask on 
the X-Y stage 45 is movable. A movable range of 
the X-Y stage 45 may be selected in a range 
between the exposed area units A1 through A3. 
to The X-Y stage 45 can be constituted with a simple 
mechanism. Therefore, the X-Y stage 45 can be 
made light and is movable fast. The exposure time 
with respect to one exposed area unit can be 
determined by a formula of (the aforementioned 
is exposure time)/(the number of exposed area units). 
For example, if six exposed area units are used 
and the necessary exposure time is 3 minutes, an 
exposure time of 0.5 seconds is necessary to ex- 
pose one exposed area unit. As described pre- 
20 viously, the strong beam for use in the positioning 
process is obtainable. As a result, the positioning 
between the mask 10 and the wafer 40 can be 
completed for 30 msec. Hence, even if it takes 100 
msec to move the mask 10 to select the next 
25 exposed area unit, the suitable exposure dose is 
obtainable for an exposure time of at most one 
second per one shot, or in other words, less than 
60 seconds per one sheet. The idea itself of the 
above-mentioned exposure process is convention- 
30 ally proposed. However, it is noted that convention- 
ally, a clear projection image on the wafer is not 
obtained unless a positioning accuracy of at least 
0.1 tim with 35 is available. On the other hand, 
according to the present invention, the above-men- 
35 tioned positioning accuracy is obtainable. The rea- 
sons why the positioning accuracy equal to or 
greater than 0.1 urn with 35 are as follows. First, 
the alignment marks 15 are made of pure silver, 
silver containing materials or silver compounds. 
40 Secondly a strong beam having a wavelength half 
of an Ar beam wavelength is used as the light 
beam for use in the positioning process. 

As described in the foregoing, the mask of the 
present invention can be activated. Originally, it is 
45 desired that atoms and molecules are prevented 
from adhering to the mask. A cleaning function is 
obtainable by irradiating light on the mask while 
supplying the mask with an oxygen or hydrogen 
gas. The above can be achieved by applying a 
so partial pressure of oxygen gas to the vacuum 
chamber. In our experiments, in a case when a 
partial pressure of oxygen gas is set equal to 1 x 
10 6 torr with the vacuum chamber kept at a back 
pressure of 1 x 10~ 7 torr, a time taken to clean up 
55 the mask was elongated by up to one and half 
times. 

A further description is given of a mask ca- 
pable of coping with the proximity effect with refer- 
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ence to RGS.1 1 A and 1 1 B and FIG. 12. A mask has 
an exposed area unit a' of FIG.11B and an ex- 
posed area unit A of FIG.11A. The exposed area 
unit A of FIG.1 1 A has a pattern to be exposed. On 
the other hand, the exposed area unit A' of 
FIG.1 1 A has a reverse pattern in which a 
photoelectron emission portion and a non-transpar- 
ent portion of the exposed area unit A of FIG.1 1B 
are reversely formed. 

FIG.1 2(A) schematically shows a pattern com- 
posed of three pattern segments provided in the 
exposed area unit A desired to be exposed. The 
exposure process commences to expose the ex- 
posed area unit A. FIG.1 2(B) shows relationship 
between the exposure dose and the position of the 
corresponding pattern transferred on a wafer. In 
FIG. 12(B), a pattern desired to be actually exposed 
is drawn by broken lines. It can be seen from 
FIG.1 2(B) that in a case where pattern segments to 
be exposed are close to each other, as shown in 
FIG.1 2(C), a portion P1 therebetween is processed 
due to the backscattering of photoelectrons as if 
the portion P1 is actually exposed. After the expo- 
sure of the exposed area unit A, the reverse pattern 
A' of FIG.1 1 A is exposed with an exposed dose 
which is shown by a solid line of FIG.1 2(B) and 
which is less than that for the exposed area unit A 
in a state where the projection image of the ex- 
posed area unit A is somewhat out of focus. 
FIG.1 2(D) shows that the projection image after the 
reverse pattern a' is transferred on the wafer. The 
exposure dose actually supplied to the mask is 
shown by a solid line in FIG.1 2(D). A pattern as 
shown in FIG.1 2(E) can be obtained by selecting 
an optimum developing condition in which the ex- 
posure dose is less than that for FIG.1 2(B). 

The proximity effect can be compensated as 
follows. A pattern desired to be exposed is formed 
in the exposed area unit A. In order to compensate 
the proximity effect, only a pattern which consists 
of segments to which a large exposure dose should 
be supplied, is formed in an exposed area unit A . 
After exposing the exposed area unit A, the expo- 
sure area unit a" is exposed with a suitable expo- 
sure dose. 

As shown in F1GS.13A and 13B, a projection 
image of a relatively large pattern segment can be 
formed on the wafer with a small exposure dose, 
because backscattered electrons from the large 
pattern segment interfaces each other. As a result, 
in a case where a relatively small pattern segment 
is exposed with an exposure dose identical to that 
for the large exposure dose, the small pattern does 
not appear, prom this viewpoint, as shown in 
FIG.1 3C, the entire pattern to be exposed is 
formed in the exposed area unit A. On the other 
hand, in each of the exposed area units A* (Ai" 
and A 2 ). there are formed only segments of the 



entire pattern to which a large exposure dose 
should be supplied. The exposed area units Ai" 
and A2 ' are exposed with a suitable exposure dose 
after the exposed area unit A is exposed. When it 

5 is assumed that the exposure dose for the exposed 
area unit A is represented as "1 it is preferable to 
select the exposure dose for the exposed area unit 
A" approximately one to five times as large as the 
exposure dose for the exposed area unit A. 

10 It is noted that it is not necessary for the entire 
pattern to be formed in the exposed area unit A, 
because a pattern on the wafer is formed with a 
plurality of exposed area units. For example, pat- 
tern segments are separately formed in the plural- 

ts ity of exposed area units. 

The present invention is not limited to the 
aforementioned embodiments, and variations and 
modifications may be made without departing from 
the scope of the present invention. 

20 

Claims 

1. A photoelectron mask for photo cathode 
25 image projection comprising a transparent sub- 
strate (11); a pattern (12) formed on a main surface 
of the transparent substrate, the pattern comprising 
a non-transparent material; and a photoelectron 
emission film (13) formed so as to cover the main 

30 surface of the transparent substrate on which the 
pattern are formed, characterized in that the 
photoelectron emission film comprises a material 
selected from the group consisting of pure plati- 
num, a platinum-rich material containing platinum 

as as the major component, and a platinum com- 
pound. 

2. A photoelectron mask as claimed in claim 1 , 
characterized in that the photoelectron emission 
film (13) has a thickness of 10 to 300 A. 

40 3. A photoelectron mask as claimed in claim 1 , 

characterized in that the platinum-rich material is a 
material selected from the group consisting of sili- 
con, tungsten, nitrogen, titanium, chromium, alu- 
minum, palladium, gold, siiver, copper, oxygen, 

45 rhodium, and iridium. 

4. A photoelectron mask as claimed in claim 1, 
characterized in that the platinum compound is a 
material selected from the group consisting of plati- 
num chloride, platinum fluoride, platinum oxide, 

50 platinum selenium and barium platinum. 

5. A photoelectron mask as claimed in claim 1 , 
characterized in that the.pattern (12) formed on the 
main surface of the transparent substrate is divided 
into a plurality of units (A1 - A6), and an area on 

55 the main surface which includes one of the units is 
exposed one time. 



10 



JSDOCID: <EP 0321147A2J_> 



19 



EP 0 321 147 A2 



20 



6. A photoelectron mask as claimed in claim 5, 
characterized by further comprising alignment 
marks (15) arranged In the vicinity of each of the 
units (A1 -A6), and each alignment mark comprises 
a material selected from the group consisting of 
pure platinum, a platinum-rich material containing 
platinum as the major component, and a platinum 
compound. 

7. A photoelectron mask as claimed in claim 5, 
characterized in that the pattern comprises pattern 
segments, and some segments are separately pro- 
vided in the plurality of units. 

8. A photoelectron mask as claimed in claim 5 t 
characterized in that the same pattern is provided 
in each of the units. 

9. A photoelectron mask as claimed in claim 5, 
characterized in that the pattern formed in one (A) 
of the units is formed in accordance with a positive 
pattern image thereof, and said pattern formed in 
another one (A) of the units is formed in accor- 
dance with a negative pattern image thereof. 

10. A photoelectron mask as claimed in claim 
1 , characterized in that the non-transparent material 
comprises one of chromium, tantalum and tung- 
sten. 

1 1 . A photoelectron mask as claimed in claim 
1 , characterized in that the non-transparent mask is 
400 to 2000 A thick. 

12. A photoelectron mask as claimed in claim 
3, characterized in that the platinum-rich material 
contains platinum with 85 weight % or over. 

13. A photoelectron mask for photo cathode 
image projection comprising a substrate (31); and a 
pattern (32) formed on a main surface of the sub- 
strate, characterized in that the pattern comprises a 
photo cathode material selected from the group 
consisting of pure platinum, a platinum-rich ma- 
terial containing platinum as the major component, 
and a platinum compound. 

14. A photoelectron mask as claimed in claim 
13, characterized in that the pattern (32) comprises 
the photoelectron emission material has a thick- 
ness of 10 to 300 A. 

15. A photoelectron mask as claimed in claim 
13, characterized in that the platinum-rich material 
is a material selected from the group consisting of 
silicon, tungsten, nitrogen, titanium, chromium, alu- 
minum, palladium, gold, silver, copper, oxygen, 
rhodium, and iridium. 

16. A photoelectron mask as claimed in claim 
12, characterized in that the platinum compound is 
a material selected from the group consisting of 
platinum chloride, platinum fluoride, platinum oxide, 
platinum selenium and barium platinum. 

17. A photoelectron mask as claimed in claim 
15, wherein the platinum-rich material contains 
platinum with 85 weight % or more. 



18. A photo cathode image projection method 
characterized by comprising the steps of projecting 
an excitation light (35) on a photoelectron mask 
(10, 30) placed in a vacuum chamber (47) to there- 

5 by excite photoeiectrons (37), said photoelectron 
mask comprising a photo cathode material selected 
from the group consisting of pure platinum, a 
platinum-rich material containing platinum as the 
major component, and a platinum compound; and 

w projecting said photoeiectrons (37) from the 
photoelectron mask (10, 30) onto a wafer (40) 
placed in the vacuum chamber (40) by focusing the 
photoeiectrons emitted from the photo cathode ma- 
terial due to a function of a magnetic field and an 

rs electric field, so that a pattern is formed on the 
wafer by the projection of the photoeiectrons. 

19. A photoelectron cathode image projection 
method as claimed in claim 18, characterized in 
that the excitation light has a wavelength of 220 to 

20 300 nm. 

20. A photo cathode image projection method 
as claimed in claim 18, characterized by further 
comprising the step of projecting light onto the 
photoelectron mask (10. 30) in a state where a gas 

25 selected from the group consisting of a nitrogen 
gas, an oxygen gas, an ozone gas and an mixture 
gas consisting of arbitrary combination thereof is 
supplied with the vacuum chamber or a load-lock 
chamber arranged in the vicinity of the vacuum 

30 chamber, and characterized in that the step of 
projecting light onto the photoelectron mask is car- 
ried out after the mask is exposed with a predeter- 
mined exposure dose or after a predetermined time 
from the beginning of exposure, whereby the mask 

35 is cleaned up. 

21. A photo cathode image projection method 
as claimed in claim 18, characterized in that the 
step of projecting said photoeiectrons onto the wa- 
fer (40) is carried out in a state where a partial 

40 pressure of a nitrogen gas, an oxygen gas or an 
ozone gas is applied to the vacuum chamber dur- 
ing the projection of said photoeiectrons. 
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© Photoelectron mask and photo cathode image projection method using the same. 



© A photoelectron mask for photo cathode image 
projection includes a transparent substrate (11), a 
pattern (12) formed on a main surface of the trans- 
parent substrate. The pattern includes a non-trans- 
parent material. The mask also includes a photoelec- 

^tron emission film (13) formed so as to cover the 
main surface of the transparent substrate on which 

^.the pattern are formed. The photoelectron emission 

^■fiim includes a materia! selected from the group 
consisting of pure platinum, a platinum-rich material 

^containing platinum as the major component, and a 

C> platinum compound. 
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